Introduction
Monoclonal Ig deposition disease (MIDD) is a broad entity encompassing several conditions that result from the deposition of a monoclonal paraprotein in various organs. [1] [2] [3] It includes light chain deposition disease (LCDD), the most common pathology; light and heavy chain deposition disease (LHCDD) and heavy chain deposition disease. The latter two conditions are rare and have been poorly characterized in the literature. The major target organ in MIDD is the kidney, where the monoclonal paraprotein deposits within the glomerular basement membranes, mesangium, tubular basement membranes and vessel walls. This deposition typically leads to a nodular sclerosing glomerulopathy that eventually manifests with nephrotic syndrome, hypertension and renal insufficiency. Less commonly, other visceral organs can be involved, including heart and liver.
1,2,4-8 Also classified among MIDD is another entity known as light chain crystal deposition disease (LCCDD) described initially by Terashima. 9 LCCDD has received less attention because of its rarity and has been described in patients with lymphocytic and plasmacytic disorders. The pathology in this condition consists of light chain deposition forming intracellular crystals in histiocytes and renal parenchymal cells, particularly the proximal tubular epithelium, with variable involvement of other organs. Proximal tubular involvement typically manifests with light chain Fanconi syndrome, which is characterized clinically by type II renal tubular acidosis that associates a non-anion gap metabolic acidosis with hypophosphatemia, glucosuria and hypouricemia. Light microscopy reveals proximal tubular injury, although the intracytoplasmic crystals may be difficult to demonstrate without the aid of immunofluorescence and electron microscopy.
Monoclonal Ig deposition disease results from the production of a monoclonal paraprotein (light chain, heavy chain or both) and is, therefore, associated with an underlying plasma cell dyscrasia that may or may not be overtly diagnosed at the time patients first present with the disease. However, not all cases of MIDD have a demonstrable monoclonal protein by serum or urine protein electrophoresis and IF. 1, 2, 10 However, using the Free Light Chain Assay, which is more sensitive for the detection of serum free light chains, it is likely that virtually all patients with MIDD will have a monoclonal free light chain detected in the serum.
The treatment of MIDD has not been standardized and remains controversial because of the small number of patients reported in the literature. However, as MIDD is associated with plasma cell dyscrasias, patients have typically been treated with regimens used for multiple myeloma, most commonly melphalan and prednisone and VAD (VCR, Adriamycin and Prednisone). 1, 11, 12 In a few small series, investigators have reported that high-dose melphalan (HDM) chemotherapy followed by auto-SCT can be associated with beneficial results whereas toxicity remains acceptable in this group of patients. 1,13-17 HDM/ auto-SCT is a therapeutic modality currently accepted as the standard of care for patients with multiple myeloma who are less than 65 years of age. Here, we report our experience using HDM with auto-SCT in seven patients with MIDD, including four with LCCD, one with LHCDD and one with LCCDD. We show that this is a reasonable therapeutic option and that it can lead to effective control of the monoclonal free light chain production as well as stabilization and even improvement of renal function.
Materials and methods

Patient selection and evaluation
We retrospectively reviewed the records of all patients with MIDD who were treated with HDM/auto-SCT at Memorial Sloan Kettering Cancer Center between 2004 and 2007. We identified seven patients with monoclonal plasma cell dyscrasia and MIDD who underwent HDM/auto-SCT. Pretreatment evaluation included complete blood cell counts, renal and liver function tests, serum electrolytes, albumin, b2-microglobulin, C-reactive protein, calcium, HIV l/2 test and b-HCG for women of childbearing potential. Monoclonal protein assessment included serum protein electrophoresis, immunofixation (IF), quantitative Igs and Free Light Chain Assay; 24 h urine for total protein determination, IF, protein electrophoresis, N-telopeptides and creatinine clearance. A skeletal survey was obtained prior to therapy. BM assessment included histologic examination of stained aspirate and biopsy specimen, flow cytometry analysis for k/ l clonal excess, CD138 and k/ l immunohistochemical staining and cytogenetic analysis with FISH for abnormalities of chromosomes 11, 13 and 14. All patients fulfilled the standard criteria for multiple myeloma based on the presence of plasmacytosis exceeding 10% of the nucleated BM cells and the presence a monoclonal gammopathy detected by serum or urine protein electrophoresis, IF or Serum Free Light Chain Assay. Patients were staged by the Durie-Salmon staging system and the International Staging System (ISS). 18 To evaluate the etiology of the renal dysfunction, all patients underwent kidney biopsy and had the diagnosis of k-light chain related MIDD confirmed by light microscopy, immunofluorescence staining and electron microscopy examination. Prior studies have shown an association between k-light chain variable region germline gene use by the clonal plasma cells and the presence of MIDD. To assess the role of k-light chain variable region germline gene usage in our patients, we amplified and sequenced the dominant k-light chain variable germline gene in the baseline marrow cells of four patients using methods described previously. 19, 20 Treatment All patients received initial therapy for multiple myeloma prior to undergoing their consolidation with HDM and auto-SCT. The goal of initial therapy in multiple myeloma is the achievement of a low tumor burden prior to the transplant. As the patients received their initial therapy in different centers, the treatment varied and is detailed in the Result section, treatment received. At the completion of the initial treatment, eligibility requirements for auto-SCT included total bilirubin o1.5 mg per 100 ml, liver transaminases level less than twice the upper limit of normal, left ventricular ejection fraction 450% and pulmonary diffusing capacity 450% of predicted, and absence of comorbidity that in the opinion of the treating physician would render the transplantation not advisable. All patients provided written informed consent and had PBSC products containing at least 2 million CD34 þ cells per kg cryopreserved prior to transplantation. PBSC collection was performed using G-CSF 10 mcg/kg daily prior to leukapheresis for 10 days with or without preceding cyclophosphamide 3 g/m 2 . HDM/auto-SCT was performed at an in-patient transplant unit. Patients received intravenous melphalan at 70 mg/m 2 for 2 days on days À3 and À2 and PBSC products were infused on day 0. Supportive care was administered as described previously. Toxicities were scored using National Cancer Institute clinical toxicity criteria.
Evaluation of response
Assessment of hematologic response to treatment was based on modified EORTC consensus criteria. 21 Patients were evaluated immediately before HDM/SCT (within a week) and were seen approximately every 3 months after HDM/auto-SCT and responses were scored at every visit. Complete response (CR) requires IF studies showing no evidence of the prior M-protein, normalization of the Free Light Chain Assay, a normal BM examination and no radiographic evidence of myeloma progression. Near complete response (nCR) requires disappearance of the M spike by serum protein electrophoresis but persistence of monoclonal band by IF. VGPR (very good partial response) requires a 490% reduction in the M-protein, and partial response (PR) a 450% reduction. Stable disease is defined as no change in the M-protein, whereas progression of disease is defined as recurrence of disease after CR or a 425% increase in M-protein from nadir.
The renal response to the administered therapy was also assessed based on pre-and post-HDM/auto-SCT levels of the serum creatinine, creatinine clearance, 24 h total protein, as well as recovery from dialysis dependency when applicable. However, it is important to caution that whereas the creatinine and the creatinine clearance always reflects the renal disease, proteinuria is not as useful. The degree of proteinuria at presentation does not correlate with the severity of the disease. Furthermore, although improvement in the proteinuria may reflect amelioration of the disease (like usually in the months following HDM/auto-SCT), it can also be associated with worsening of the renal function due to the decrease in glomerular filtration.
Results
Patient characteristics
Patient characteristics are shown in Table 1 . Six patients were male subjects; the median age was 50 (range 33-52). All fulfilled criteria for multiple myeloma. The median percentage of plasma cells in the BM was 21% (10-41%) and immunohistochemical staining for light chain isotype showed k-clonality in all cases. Serum protein electrophoresis showed a monoclonal spike in one patient, whereas serum IF showed an IgG k-monoclonal band in two patients. All seven patients, however, had elevated serum free k-light chains and an abnormal k-to-l ratio with medians of 52.4 mg per 100 ml (5.3-385 mg per 100 ml) and 18.34 (3.01-203.7), respectively. The monoclonal protein deposited in the kidney consisted of free k-light chains in all five patients with LCDD, k-light chain and g-heavy chain in the patient with LHCDD and intratubular crystals of k-light chain in the patient with LCCDD and Fanconi syndrome. The median b2 microglobulin was 9.2 mg/l (2.3-18.4 mg/l) and the median serum albumin level 4.4 gm per 100 ml (3.5-4.6 mg/l). Using the ISS, five patients had stage III and two patients had stage I disease. All patients were stage IB by Durie-Salmon classification. Cytogenetic analysis in all seven patients and FISH analyses in three demonstrated no chromosomal aberrations.
All seven patients had hypertension that was controlled by antihypertensive medications. The patient with intracytoplasmic LCCDD presented with renal insufficiency (serum creatinine of 1.6 mg per 100 ml; creatinine clearance 40 ml/min) and Fanconi syndrome (with type II renal tubular acidosis and non-anion gap metabolic acidosis, glycosuria and aminoaciduria). The median serum creatinine was 4.6 (1.6-6.1), median creatinine clearance 35 ml/min (11-79 ml/min) and median 24-h proteinuria 4373 mg (237-8525 mg). Three patients (patients 1, 6 and 7) presented with severe acute renal failure necessitating initiation of dialysis within 2 weeks of initial presentation. These patients continued dialysis throughout the entire treatment including the transplant period.
Histopathologic findings on renal biopsy and k-variable region germline gene use All patients underwent a diagnostic renal biopsy. The five patients with LCDD and the single patient with LHCDD displayed a nodular sclerosing glomerulopathy with characteristic immunofluorescence profile and corresponding electron dense deposits. The glomerular capillary lumina were diffusely narrowed by mesangial expansion forming large nodules that stained strongly periodic acid-Schiff (PAS)-positive, trichrome-blue and weakly argyrophilic (Figure 1 ). There was variable thickening of glomerular basement membranes, Bowman's capsule, tubular basement membranes and vessel walls by PAS-positive material. These deposits typically formed ribbon-like, glassy thickenings of the tubular basement membranes, associated with This patient discontinued hemodialysis after HDM/auto-SCT after marked improvement in creatinine. He resumed peritoneal dialysis for symptomatic relief despite stable creatinine 2 months after HDM/auto-SCT. Discontinuation of peritoneal dialysis is currently being contemplated.
focal tubular atrophy and interstitial fibrosis. One patient with LCDD also exhibited several atypical crystalline, lamellated casts of the myeloma type. In four patients, immunofluorescence studies showed intense and diffuse linear staining of all renal basement membranes and the mesangial nodules for k-light chain, with negative staining for l-light chain and Igs, consistent with k-LCDD ( Figure 2 ). One patient had strong linear staining for IgG and k, with negative staining for l, consistent with IgG k-LHCDD. Electron microscopic examination typically showed expansion of mesangial areas with an increase in mesangial matrix forming large nodules containing finely granular mesangial electron dense deposits. Similar finely granular, electron-dense material formed linear band-like deposits involving the inner aspect of the glomerular basement membranes, the outer aspect of the tubular basement membranes and the areas surrounding the medial myocytes of arteries and arterioles ( Figure 3 ). In contrast to the patients with LCDD/LHCDD, microscopic examination of the patient with LCDD revealed no evidence of glomerular disease. The proximal tubular epithelial cells displayed irregular cytoplasmic expansion caused by abundant intracellular crystalline inclusions that deformed the cells. The intracytoplasmic crystals stained PAS-negative, trichrome-red and silvernegative. The proximal tubular cells displayed acute injury, including focal shedding of tubular cells into the tubular lumen, loss of brush border, luminal ectasia and regenerative nuclear atypia. In the medulla, a single atypical crystalline lamellated cast of the myeloma type was identified. Tubular atrophy and interstitial fibrosis affected 10% of the cortex. Immunofluorescence performed on pronase-digested paraffin sections showed intense diffuse staining for k-light chain in the distribution of the proximal tubular intracellular crystals and the single atypical cast, with negative staining for l-light chain. By electron microscopy, glomeruli were unremarkable and no electron dense deposits were identified involving renal basement membranes. Intracytoplasmic crystals were demonstrated in proximal tubular epithelial cells. The findings were interpreted as consistent with the special form of LCCDD known as k-light chain Fanconi syndrome.
k-light chain variable region germline genes were identified for three patients with LCDD and for the patient with k-light chain Fanconi syndrome. The clones of two patients with LCDD used a VKI germline gene and the clone of the third used a VKII germline gene (DPK12). The joining region gene in these three cases was JK3. The clone of the patient with k-light chain Fanconi syndrome used a VKIII germline gene (DPK21) with a JK4 joining region gene.
Treatment received and toxicity
The initial therapy prior to HDM/auto-SCT included thalidomide (escalated to 200 mg daily) and dexamethasone in pulses (40 mg on days 1-4, 9-12 and 17-20) given for 3 cycles (n ¼ 2), dexamethasone pulses alone for 3 cycles (n ¼ 3), melphalan and dexamethasone for 5 cycles (n ¼ 1) and doxorubicin and dexamethasone for 2 cycles (n ¼ 1). Following initial therapy, five patients were mobilized with high-dose cyclophosphamide (3 gm/m 2 ) and G-CSF, and two with G-CSF alone (10 mcg/kg daily prior to leukapheresis for 10 days). All seven patients proceeded to HDM/ auto-SCT and received melphalan as conditioning regimen at 140 mg/m 2 divided on days À3 and À2. Stem cells were infused on day 0. Patients received a mean of 5.8 Â 10 6 CD34 þ cells/kg (3.6-8.3 Â 10 6 CD34 þ cells/kg). HDM/auto-SCT was well tolerated. There was no mortality. All patients completed the planned treatment without major or unusual complications. Routine transfusion of blood products, prophylactic broad-spectrum antibiotics, hydration and analgesic medications for mucositis were administered to all patients. The non-hematologic adverse events included: neutropenic fever (n ¼ 5); mucositis requiring intravenous analgesic medication administered by PCA (n ¼ 2); nausea requiring antiemetics (n ¼ 6); transient rash (n ¼ 2); an episode of syncope attributed to dehydration (n ¼ 1); abdominal cramps of uncertain etiology (n ¼ 1). Three patients who were on dialysis prior to HDM/auto-SCT continued dialysis throughout the course of transplant. In these patients, melphalan was given after dialysis.
Response to therapy
At the completion of initial therapy, four patients had achieved a PR, two a CR and one a uCR (no BM biopsy available for confirmation of CR in this patient). Six of the seven patients achieved a hematologic CR after HDM/auto-SCT. The patient with LCCDD achieved a VGPR as reflected by persistence of low level free k-chain in the serum (that is, 490% reduction in the level of free k-light chain). This patient showed evidence of hematologic progression 8 months after transplant. He is currently being evaluated for a second auto-SCT followed by auto-SCT from an HLA-matched sibling. With a median follow-up time of 23.6 months (range 7.9-69.8 months), all other patients remain in hematologic CR.
Among the four patients who were dialysis independent at the time of HDM/auto-SCT, the serum creatinine has improved in two (patients 3 and 5), remained stable in one (patient 4) who achieved hematologic PR) and worsened in one (patient 2), leading to hemodialysis despite hematologic CR (Figure 4) . Proteinuria has improved significantly in the four patients shortly after HDM/auto-SCT (Table 1 ). However, we should caution that although an improvement in the proteinuria may reflect improvement of the renal function, (as shortly after HDM/auto-SCT as shown in Table 1 ), it may also reflect worsening of the disease due to a decrease in the glomerular filtration, as exemplified by patient 2 whose proteinuria continued to improve despite worsening in his creatinine clearance. The three patients who were dialysis-dependent at the time of HDM/auto-SCT achieved hematologic CR. Two of them have undergone kidney transplantation 14.1 and 45.7 months after HDM/auto-SCT (patients 1 and 7), and have a normal creatinine clearance 35.9 and 69.8 months after HDM/ auto-SCT. The kidney transplantation was deemed reasonable in these patients as they had achieved a hematologic CR and had no comorbid condition otherwise. The third patient (patient 6) who also remains in hematologic CR became dialysis independent after HDM/auto-SCT for a period of 2 months following improvement in his creatinine, but has resumed peritoneal dialysis mainly for symptomatic relief (nausea) and despite a stable creatinine. Discontinuation of his peritoneal dialysis is currently being contemplated (Figure 4) .
Discussion
Monoclonal Ig deposition disease is a rare condition and its management is controversial. We report our experience using high-dose chemotherapy and SCT in patients with MIDD, showing a significant benefit with this treatment modality. All patients who underwent HDM/auto-SCT, including five with LCDD, one with LHCDD and one with LCCDD, had excellent hematologic responses. Six of the seven patients achieved durable CRs whereas the seventh achieved a very good PR. As kidney dysfunction represents the most prominent morbidity in MIDD, it is important to emphasize that the elevated serum creatinine was ameliorated in five out of seven patients after HDM/auto-SCTalbeit in two of them with the use, ultimately, of kidney transplantation-and remained stable in one. With a median follow up of 23.6 months, only one of the seven patients in our series has had worsening of kidney function after an initial improvement (and despite a sustained hematologic response). This patient is being considered for kidney transplantation. All patients received melphalan at 140 mg/m 2 , a dose that was well tolerated. There was no transplant-related mortality and no worsening of kidney function during the peri-transplant period.
This experience is in keeping with prior reports that have described an important role for HDM/auto-SCT in patients with MIDD. Weichman and co-workers described six patients, five with LCDD and one with LCCDD, who were treated with HDM/auto-SCT and who achieved a good outcome with acceptable and expected toxicity. 16 As described in the present report, most patients had complete hematologic remission followed by renal improvement and reversal of dialysis dependence in one case. Royer et al. 14 have reported their experience in 11 patients with LHCDD who received a variety of therapeutic regimens. They also observed an overall favorable outcome, including complete hematologic remission in five patients with improvement of kidney function in four 14 and several patients with cardiac and/or hepatic involvement who experienced functional improvement after SCT. More recently, Lorenz and co-workers reported the long-term outcome after auto-SCT of six patients. Although one patient did not survive the procedure, five had a hematologic response by standard criteria and four who were not on dialysis at the time of transplantation had a renal response as assessed by improvement in their glomerular filtration rate. 22 Thus, our experience further highlights the potentially important role of SCT in MIDD, in striking contrast to the minimal benefit when conventional chemotherapy (including melphalan and prednisone) is used in these patients.
All patients in our series had early stage multiple myeloma (stage IB Durie-Salmon) with significant renal dysfunction. The presence of k-light chain deposits by immunofluorescence and electron microscopy, and the typical VK germline gene use pattern, indicate that there is a specific tropism for features of the renal landscape in this disease. It is likely that these patients are diagnosed at an earlier stage compared to other patients with multiple myeloma because of the high propensity of their light chain to cause renal damage, even at low serum levels. This hypothesis would account for the inability to detect the presence of a serum paraprotein in a significant percentage of patients with MIDD previously reported in the literature. With the availability of the Serum Free Light Chain Assay, most patients with MIDD should have detectable serum paraprotein as shown in this report, despite negative serum protein electrophoresis and serum immunofixation (SIF).
As a corollary, it is likely that the excessive renal toxicity of free light chains in MIDD also implies that even low levels of circulating free light chains may have deleterious renal consequences. Hence, one of the aims of therapy should be to suppress the free light chain production to the greatest extent. The success of HDM/auto-SCT in curbing renal dysfunction may depend on achieving complete hematologic remission. In this context, maintenance therapy after HDM/auto-SCT and tandem HDM/auto-SCT for patients who do not achieve a CR after first transplantation may be options worth investigating in patients with MIDD. Indeed, maintenance therapy using new therapeutic agents like thalidomide [23] [24] [25] and tandem HDM/auto-SCT 26 have both been shown to increase the rate of complete hematologic remission, prolong time to disease progression and overall survival in patients with multiple myeloma. Although it remains an open question, in our opinion, it is likely that these approaches aiming at achieving a durable complete hematologic remission may be of special benefit to these patients. The use of renal transplantation in patients with MIDD has been controversial. Experts have reached opposing conclusions as most available data have been anecdotal and pertain to retrospective analyses. [27] [28] [29] [30] [31] The main argument against the use of kidney allografting in MIDD is based on the risk of recurrence in the allograft as well as the overall poor prognosis because of the underlying hematologic malignancy. However, there is little information in these reports regarding the hematologic response of patients prior to kidney transplantation. With the advent of newer treatment modalities for clonal plasma cell dyscrasias, including auto-SCT, this subject needs to be revisited. There is only one report in the literature on sequential auto-SCT and kidney transplantation in MIDD. In that report, the patient's creatinine remained at a level of 1.7 mg per 100 ml for 26 months after renal transplantation, and a kidney biopsy showed no recurrence of MIDD, despite hematologic partial response after HDM/auto-SCT. 31 In the series presented here, two patients achieved complete hematologic remission after HDM/auto-SCT and subsequently underwent renal transplantation from a living related donor, became dialysis independent and remain so after a relatively long follow-up. These cases argue that renal allograft may be a reasonable option for MIDD patients with renal failure and dialysis dependence, who have achieved a hematologic CR. With advances in the treatment of myeloma and the higher hematologic CR rate following single or tandem HDM/auto-SCT and other new therapies, the decision regarding kidney transplantation in MIDD deserves further scrutiny.
In summary, we report our experience with the use of HDM/auto-SCT in patients with MIDD, an experience that corroborates previous reports claiming significant benefits. Renal dysfunction including dialysis dependence can be reversed or stabilized with HDM/auto-SCT with or without subsequent renal transplantation. The goal of successful therapy may hinge on the complete suppression of light chain production. Further benefit in patients achieving less than a CR after a single HDM/auto-SCT may be provided by the use of novel agents, post transplant maintenance therapy or tandem HDM/auto-SCT. Multicenter studies will be needed to address these questions.
